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Abstract 

The present study was carried out in the town of Maroua, Far North Region of Cameroon with the main objective 
of contributing to the knowledge of the population status of the Rose-ringed Parakeet (RRP) with a view to its 
sustainable management. The Rose-ringed Parakeet (RRP) inventory was carried out using the linear strip 
transect method. The counts were made from 27 July to 20 September 2023 for the rainy season and from 15 
November 2023 to 2 February 2024, all between 6 a.m.-9:30 a.m. for the morning and 4 p.m.-6 p.m. for the 
evening on all sites. The information collected in the field was processed and analysed using Distance 6.0, PAST 
4.03 and QGIS.3.22 software. It appears from this analysis that the population of RRP is estimated at 47,391 
individuals in the study site with an average density of 20.6 individuals per hectare. In the rainy season, the 
surface density was estimated at 12,488 individuals/ha for a total of 28,723 individuals while in the dry season, 
the density was 7.1815 individuals/ha for a total of 16,517 individuals. Depending on the type of habitat, the 
abundance of parakeets was higher in mixed zones composed of housing and plantations compared to other 
habitats. RRP are found everywhere in the territory of the city of Maroua. Modelling the spatial distribution using 
the IDW interpolation method using QGIS software shows that RRP in general and in the rainy season are more 
abundant in the Maroua 1 subdivision, and this distribution was dependent on the availability of food resources. 
Les principales activités humaines rencontrés sont le paturage et l’exploitation forestiére. The main human 
activities encountered were pasture and logging. Although RRPs are still encountered in large numbers in 
Maroua, conservation should be done as a priority in the districts of Maroua 1 and Maroua 3. 


*Corresponding Author: Ghislain Noé Kougoum Piebeng 24) kougoumghislain@yahoo.fr 
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Introduction 

Birds represent the animal group most used for 
environmental monitoring, ahead of large mammals 
(Ricard et al., 2017). They play a role in crop 
protection by controlling populations of harmful 
insects. They enable the development of tourist 
activities through their various forms (Kouzi, 2012). 
Birds are a source not only of aesthetic pleasure, 
sound and color to our existence, but also a source of 
economic growth, providing income and motivation 
for conservation through ecotourism (Jaquemet, 
2010). They also provide a wide variety of ecosystem 
services. Rose-ringed parakeets (RRP), for their part, 
are involved in the pollination of plants and can 
disperse seeds over long distances through their 
excrement (Blanco et al., 2018). The potentially 
ubiquitous ecological role of the parakeet may 
contribute to the resilience of ecosystems against 
overgrazing and forest degradation, particularly 
through their dependence on declining basal tree 


species (Ellison et al., 2005). 


The RRP, despite its ecological and socioeconomic 
importance, is one of the most successful invasive 
birds in the world (Menchetti and Mori, 2014; Le 
Gros et al., 2016), with exotic populations established 
in more than 35 countries (Menchetti et al., 
2016). The rose-ringed parakeet often occurs around 
human habitation (Grandi et al. 2018; Mentil et al. 
2018). It is a social species and is native to parts of 
eastern and southern Asia and from eastern to central 
Africa (Parr and Juniper, 2010). Humans have been 
responsible for translocating this species across the 
globe as part of the pet trade, and many are 
purchased for companionship (Menchetti et al., 2016; 
Vall-llosera et al., 2017). The RRP with its shrill cry is 
a granivore-frugivore which exploits both local and 
exotic species (buds, fruits, seeds). It is also 
considered a major pest in India, its native area, 
where it attacks fruit and cereal trees (Clergeau et al., 
2015). It nests very early in tree cavities and seems to 
compete in certain regions with other cavity-dwelling 
species such as the Nuthatch, Sitta europaea 
(Strubbe and Matthysen, 2009). Studies also show 


potential impacts on Stock Doves, Columba oenas or 


bats (Hernandez-Brito et al., 2014) or on the feeding 
of small passerines (Peck et al., 2014) and during the 
breeding period, it displays aggressive behaviour 
towards other birds that fly around its nests (Clergeau 


et al., 2015). 


Several works have already been carried out on the 
RRP all over the world and in Africa. In this context, 
we will cite for example the study on the introduction 
and nesting of the RRP in Algeria (Amina et al., 
2005), and the study on the establishment of the RRP 
Psittacula krameri (syn: Alexandrinus parakeet) in 
Algeria and first data on its trophic ecology in this 
region (Bendjoudi et al., 2005). On the other hand, in 
Cameroon, no previous study has been carried out on 
RRP. This work was initiated with the overall 
objective of contributing to knowledge of the state of 
the RRP population with a view to its sustainable 
management in the city of Maroua. Specifically, it is: 
estimate the abundance and density of the Rose- 
ringed parakeet in the town of Maroua, map the 
spatial distribution of RRP; identify and assess the 


impact of different threats on this bird species. 


Material and methods 

Study area 

This study was carried out in the town of Maroua 
which is the capital of the Far North Region of 
Cameroon and capital of the Diamaré department 
(Fig. 1). 
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Fig. 1. Map of the study area 


It is located between 10° 29’ and 10° 41° North 
latitude, 14° 15° and 14° 27’ East longitude, with an 


average elevation of 400 m and an area of 56 km2. 
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The climate of the Far North region is Sudano- 
Sahelian, characterized by the alternation of two 
seasons, a dry season which goes from October to 
May and a rainy season from June to September. 
Annual rainfall is between 700 and 1200 mm 
(Oumarou et al., 2022). The rainiest months are 
August and September. Temperatures vary around 
20°C to 35°C in the cool season (rainy season) and a 
peak of 45°C is registered in periods of extreme heat 


at dry season. 


The dominant vegetation is the shrub savannah 
characteristic of the Sudano-Sahelian zone. It is made 
up of thorny steppes and periodically flooded 
meadows (Madi et al., 2012). Due to its ecological 
diversity, the city of Maroua has several plant species 
established by humans or found in nature (Madi et 
al., 2012). The flora is quite diverse, the different 
plant formations have been decimated for the 
establishment of homes. The vegetation in the town of 
Maroua consists of grassy steppes and woody strata, 
mainly consisting of thorny trees (Acacia albida, 
Ziziphus mauritiana, Tamarindus indica, 
Azardirachta indica, Acacia seyal, etc.), whose heavy 


exploitation causes the scarcity of this resource. 
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Fig. 2. Map showing transect layout 


Estimation of the abundance and density of the Rose- 
ringed Parakeet 

Sampling design 

This inventory was carried out from July 10 to 
September 10, 2023, the period corresponding to the 
rainy season, and from November 15 to January 30, 
2024, the period corresponding to the dry season. 


The distance sampling method described by Buckland 


et al. (2003) was used for the RRP inventories. For 
this purpose, in the study area, 64 linear transects, 
measuring 2000 m in length, were covered. The 
spacing between transects was at least 2000 m (Fig. 
2). The starting points of each transect and their 
coordinates were determined on the map and 
precisely located on the ground using a GPS (Global 
Positioning System). The transects were placed to 
cover all the different types of habitats encountered in 


the town of Maroua. 


Data collection along transects 

The distance sampling method was used (Buckland et 
al., 2003). It consisted of silently and slowly 
traversing the transect line, and noting the number of 
ring-necked parakeets seen or heard, the observation 
distance (which separates the observer from the 
animal observed), the perpendicular distance between 
the line of the transect and the bird (or its song); and 
the type of habitats in which the parakeets were 
observed. The inventories were carried out in the 
morning from 6:30 a.m. to 9:30 a.m. and in the 


evening between 4 p.m. and 6 p.m. 


Spatial distribution of rose-ringed parakeets in 
Maroua 

Occurrence data for any parakeets seen or heard were 
georeferenced for spatial analysis. These data 
(georeferenced occurrences and relative abundances 
of the species) were imported into QGIS version 3.22 
software to model and map the spatial distribution of 
ring-necked parakeets in the study area. This 
modelling was done using the IDW (Inverse Distance 
Weighting) interpolation method. This method 
assumes that the influence of the plotted variable 
decreases with distance from the sampled location. 
Setting high power allows concentration on known 
points on the interpolated values based on their 


distance from the output point. 


Identification and assessment of the impact of 
different threats on the parakeet 

It was essentially based on the determination of the 
index of anthropogenic disturbance observed during 


the field inventory. The various threats encountered 
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were noted (logging (logging or _ collection), 
destruction of nests, use of pesticides and grazing 
(presence of livestock)). The kilometric contact 
pressure indices (KCPI) for anthropic activities were 
calculated. This made it possible to identify areas of 
high concentration of human activities. 


Number of contacts observed by type of pressure 
Total inventory effort (km) 


KCPI = 


Data analysis 

Estimation of density and abundance 

The collected data were introduced and then encoded 
in Microsoft Office Excel 2016. The estimation of 
density and abundance was obtained using the 
Distance 6.0 program. For this, we carried out 5 tests 
of different models. Among the 5 tests carried out 
with each data series (Models Half-normal Cosine, 
Hazard-rate Cosine, Hazard-rate Simple polynomial, 
Uniform Cosine and Uniform Simple polynomial), we 
retained the model with the lowest AIC (Akaike 
Information Criterion). The AIC being a parameter 
based on the principle of parsimony, makes it 
possible to identify, among several models, the one 
which is the simplest and requires the fewest different 
parameters to describe the distribution of the 
distances obtained for a given species. If the 
associated statistical tests (Chi2 test, Kolmogorov- 
Smirnof tests, Cramer von Mises tests) are closest to 
the value 1 and the Coefficient of variation (CV%) < 
30% maximum, then the test is valid. This program 
requires high precision in perpendicular distance 
measurements and allows data analysis for 
sufficiently observed species. The confidence interval 
was taken at 95% for all estimated densities and 


abundances. 


The application of the GLM Generalized Linear Model 
to the data made it possible to know what levels of 
threat indices have an effect on the ring-necked 
parakeet species. For this purpose, PAST software 
version 4.03 was used. The Kruskal-Wallis test made 
it possible to compare the abundance of each 
population of ring-necked parakeets at the threshold 


of 0.05. 


Results 

Estimation of global abundance and density of Rose- 
ringed Parakeet 

RRPs were observed 176 times for a total of 613 
individuals (Fig. 3). The estimate of the average 
abundance of ring-necked parakeets in Maroua is 
47,391 individuals with a number varying between 
37,609 and 59,717 for a 95% confidence interval 
(Table 1). That of the average density is 20.6 
individuals/hectare, with a coefficient of variation of 
11.75%, which is less than 30%. The Chi2 test (p = 
0.94) is excellent because its value is close to 1. 


Fig. 3. Pictures of some Rose-ringed Parakeets in the 


town of Maroua 


Table 1. Overall estimate of density, abundance and 


95% confidence interval of RRP in Maroua 


Species EV CV(%) df Clat95% 
Densi 16,352 - 
ensity 20,605 11,75 174 
25,964 
ead 37609 - 
A , 
bundance 47391 11,75 174 50717 


RRP: Rose-ringed Parakeet; EV: Estimated value; CV: 
Coefficient of variation; df: degree of freedom; CI: 
Confidence interval 


The probability curve of detection of RRPs as a 
function of the perpendicular distance to the transect 
according to the Half-normal + Cosine model 
decreases when the perpendicular distance increases 
(Fig. 4). The detection function is a decreasing 
function. 
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Fig. 4. Rose-ringed parakeet overall detection 


function curve 
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Table 2. Estimated densities (D), abundances (A) and 95% confidence interval of Rose-ringed Parakeets 


depending on the seasons in the town of Maroua 


Species Seasons EV CV (%) df CI at 95% 
Raid D 12,488 14,98 108 9,2961 - 16,777 
Rose-ringed y A 28723 14,98 108 21381 - 38587 
Parakeet D 7,1815 15,55 65 5.2744 - 9,7781 
Season 
A 16517 15,55 65 12131 - 22490 
= of 14.98%, which is high. The statistical tests are all 
ae satisfactory, with a Chi2 (p = 0.99) and a coefficient 
i = of variation (CV < 30%). The detection function (Fig. 
5 o4 
Bos 5) clearly illustrates the shape of the probability curve 
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Fig. 5. Rose-ringed Parakeet detection function in 


rainy season 
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Fig. 7. Diagram of Rose-ringed Parakeet abundances 
based on habitat type 
D: Dwelling ; P = Plantation ; O = Orchard 


Estimation of abundance and density according to 
the seasons 

Parakeets were observed 110 times in the rainy season 
totaling 377 individuals while in the dry season, they 
were observed 66 times totaling 236 individuals. In 
the rainy season, the average population of ring- 
necked parakeets is estimated at 28,723 individuals in 
a range between 21,381 and 38,587 individuals (Table 
2). The average density is estimated at 12.49 


individuals per hectare, with a coefficient of variation 


of detection of ring-necked parakeets as a function of 
the distance perpendicular to the transect according 


to the Half-normal + Cosine model. 


In the dry season, the actual abundance of parakeets 
is between 12,131 and 22,490 individuals. The average 
estimate is 16,517 individuals, or a density of 7.18 
individuals per hectare. However, the statistical tests 
are all excellent, with Chi2 (p = 0.65) and a coefficient 
of variation less than 30%. The detection function 
(Fig. 6) clearly illustrates the shape of the detection 
probability curve for ring-necked parakeets as a 
function of the distance perpendicular to the transect 


according to the Half-normal + Cosine model. 


Comparison of abundance according to habitat types 
The dwellings contain the largest number of 
individuals (229 individuals), compared to 217 
individuals in the mixed zone composed of dwellings 
in the habitat 


and plantations, 80 individuals 


composed of dwellings and the orchard, 45 
individuals in the mixed zone composed of the 
wooded area and plantations and 42 individuals in 
the growing environment (plantation) (Fig. 7). 
However, no significant difference was observed 
according to the Kruskal Wallis test between the 
abundances of ring-necked parakeets in the 4 types of 


habitats (P = 0.39) at the 5% threshold. 


Spatial distribution of the Rose-ringed Parakeet in 
the study area 

Global spatial distribution of RRP in Maroua 

Spatial modelling of the spatial distribution of the 
RRP (Fig. 8) shows that the species is found 
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throughout the territory of Maroua. There are four 
(04) types of concentration zones. Dark blue areas are 
areas of very low abundance where only one 
individual is observed. The areas in green are places 
of low abundance where at least 4 parakeets are 
observed. Orange zones are areas where the 
abundance of parakeets is average and where at least 
7 individuals are observed. The brown zones present 
areas of high abundance of parakeets where the 
number of individuals observed is greater than 12. It 
appears on this map that the high density of 
parakeets in the town of Maroua is located in the 


district of Maroua 1. 
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Fig. 8. Global spatial distribution map of ring-necked 


parakeets in the study area 
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Fig. 9. Maps of spatial distributions of Rose-ringed 
Parakeets in rainy (A) and dry (B) seasons 


Spatial distribution of Rose-ringed Parakeets 
according to season 

Ring-necked parakeets were encountered mainly in 
the territory of the town of Maroua in the rainy 
season than in the dry season (Fig. 9). It appears that 
in the rainy season (Fig. 9A), the high density of 
parakeets is found in the Maroua ist district and a few 
concentration points of these birds were also 
observed in the Maroua 3rd district. In the dry season 
(Fig. 9B), we observe the high density of ring-necked 


parakeets in the Maroua 3 Subdivision. 
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Fig. 10. Encounter rate for the different human 


activities in the study area 
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Human activities CMD) 
Fig. 11. Regression analysis of variation in Rose- 
ringed Parakeet KIA in relation to human activities in 
the study area 

KIA: Kilometric index of abundance; PCMI: 


Pressure Contact Mileage Index 


Identification and assessment of the impact of 
anthropogenic activities on parakeets Distribution of 
human activities 

The data collected on human activities allowed us to 
distinguish four (04) types of human pressures in the 
study area (Fig. 10). Pastoralism is the main and most 
important anthropogenic activity in the study site. 
His Pressure Contact Mileage Index (PCMI) was 1.46 
for 230 km travelled. It is justified on the ground by 


the presence of numerous breeders, cattle as well as 
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the traces of oxen. Logging is the second most 
common anthropogenic activity in the study area. 
Indeed, it is defined through the cutting of various 
woods, pruning for livestock and for making hedges, 
its PCMI is 0.71 for a total of 230 km of transects. The 
use of pesticides for agriculture (presence of 
packaging and sachets of pesticides encountered in 
the field) presents the third activity in the study area, 
with a PCMI equal to 0.25. The destruction of nests 
and nesting trees constitutes the fourth threat to the 


ring-necked parakeet, with a PCMI of 0.03. 


Effect of human activities on the abundance of ring- 
necked parakeets 

There is a significant correlation (r = 0.11) between 
the increase in the concentration of RRP in relation to 
human activities (Fig. 11). It appears from this figure 
that human activities influence the distribution of 
ring-necked parakeets in the study area; the greater 
the human activities in the area, the fewer RRP are 


present. 


Discussion 

Data from the inventory reveal that Rose-ringed 
Parakeets (RRP) are present in large numbers in the 
town of Maroua. The overall average estimate of the 
abundance of ring-necked parakeets throughout the 
territory of the city of Maroua is 47,391 individuals. 
These values exceed those of the estimates made by 
Peck in 2011 in the United Kingdom which were of the 
order of 32,167 individuals. The results of this study 
show a strong increase in the numbers of ring-necked 
parakeets, which is a common phenomenon in 
population dynamics. These corroborate with the 
results of Vangeluwe (2014), Weiserbs (2010), and 
Clergeau et al. (2008) who showed that RRP are 
growing rapidly in their introduced site. The 
estimated density of RRP in the town of Maroua is 
20.6 individuals/km?. This value is far higher than 
the estimate made by Moussa (1994), which was of 
the order of 7.35 individuals/km2 in the Kédougou 
department in Senegal. 


Estimates of numbers depending on the seasons show 
that parakeets were observed in large numbers in the 


rainy season than in the dry season. The average 


estimate of population abundance of RRP in the rainy 
season in the study area is 28,723 individuals. These 
values are close to the estimates made in 2012 by 
Peck (2013) in the United Kingdom, which were of 
the order of 29,133 individuals. Regarding the dry 
season, 16,517 individuals were estimated in the town 
of Maroua. From the results of this study, parakeets 
are more abundant in the rainy season than in the dry 
season. The difference in parakeet estimates between 
two seasons can be justified by the presence of 
increasingly abundant food resources in the rainy 
season. These results are in agreement with those of 
Clergeau et al. (2008) and Weiserbs (2010) who 
showed that the expansion of the Ring-necked 
Parakeet is based on suitable habitats and the 
presence of abundant food in terms of quantity, 
quality and diversity. Since parakeets have a wide 
feeding niche and particularly enjoy nutritious parts 
of plants such as flowers, fruits, leaves and seeds 
(Shiels and Kalodimos, 2019). In addition, vegetation 
structure is important in structuring avian 
communities (Earnst and Holmes, 2012). Several 
studies have shown that the diversity of habitats and 
vegetation, including the food resources they contain, 
play an essential role in_ structuring bird 
communities. An abundance of RRP has been 
observed in Maroua in orchards (mango plantations), 
homes and wooded areas. These results are similar to 
the observations made by Clergeau et al. (2009) who 
showed that RRP are more abundant in wooded 
areas, orchards, gardens and parks. The variation in 
abundance levels of RRP observed in different types 
of habitats is due to the season and the availability of 


different food resources. 


The analysis of the overall spatial distribution of the 
ring-necked parakeet showed that the species is 
potentially present throughout the territory of the city 
of Maroua, but with a high density in Maroua 1 
subdivision. The high density of these parakeets in 
this subdivision could be justified on the one hand by 
the low human pressure encountered in this area and 
on the other hand by the availability of food 
resources. In this subdivision, we find gardens, 
orchards and cereal fields, resting and dormitory 
sites, the availability of tree species (Acacia nilotica 
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and Acacia albida) for nesting, which are ideal 
conditions for the survival and reproduction of these 
birds in Maroua. The same observations were made 
by Clergeau et al. (2009) who showed that parakeets 
are observed mainly in green spaces or areas with 
trees, whether in town or in the countryside, it seems 
that this is one of the constants of their habitat. The 
fundamental element in the distribution of parakeets 
is the presence of a food resource which can be 
located on the ground or in trees. In the rainy season, 
the Maroua 1 subdivision also presented an area of 
high density of parakeets, with a few concentration 
points in the Maroua 3 subdivision. The high 
concentration of parakeets in these two subdivisions 
could be justified by the low anthropogenic pressure 
and an environment favourable to their development. 
The low presence of parakeets in the Maroua 2 
subdivision is justified by the fact that the majority of 
the territory of this district is occupied by mountains 
without large trees and other plant resources that 
these birds could use. In the dry season, the high- 
density zone is in the Maroua 3 subdivision. This high 
density of parakeets in this territory can be justified 
by the presence of gardens, wooded areas made up of 
trees such as Acacia albida and other plant species 
which provide them with food for their nutrition and 
that of young birds emerging from the nests. Their 
diet in the dry season consists mainly of leaves, fruits 
and seeds of domesticated plants and wild species. 
These observations are similar to those made by 
Weiserbs (2010) on the diet of parakeets in Belgium. 
The reduced abundance of RRP in the dry season in 
certain areas could be explained by the fact that the 
available food resources would be of insufficient 
quantity and nutritional quality to ensure the 
maintenance of their populations during this arid 
period, which obliges them to migrate to other areas 


more favourable to their survival (Morgue, 2019). 


The main causes of threats to birds are due to human 
activities and the effects of climate change (Birdlife 
International, 2018). Note that the territory of the 
town of Maroua is under anthropogenic pressure such 
as the exploitation of wood for heating, agricultural 
activities, poaching, etc. as well as the climate change 


which has been felt in recent years in Cameroon and 


in the Far North region in particular. Grazing (large 
herds of cattle, goats, and sheep) is noted as the most 
practiced activity in the study area. This most often 
causes violent conflicts between breeders and 
farmers. The various anthropogenic activities seem 
not to have any real effects on the population of RRP, 
proof that these birds have already become 
accustomed to human presence. In fact, its birds are 
observed in the fields, around homes in towns and 
villages. Certain dormitories capable of housing 
several dozen birds have been observed for several 
years in the heart of the town of Maroua at the IRAD 
Research and 


(Institute for Agricultural 


Development) camp of Pitoaré. 


Conclusion 

It appears from this study that the town of Maroua is 
home to a significant population of the RRP. The 
abundance of the species in the rainy season was 
highest compared to the dry season. The mixed zone 
composed of housing and plantation shelters the 
greatest number of individuals compared to the other 
types of habitats (mixed zone composed of housing 
and orchard, the residential zone, wooded zone and 
plantation and the plantation zone). RRP are more 
concentrated in the territory of the Maroua 1 
subdivision compared to other districts. This spatial 
distribution of parakeets varies depending on the 
seasons and the availability of food resources. The 
threats encountered on the RRP during this inventory 
are mainly pastoral activities and logging. All the 
information provided by this work constitutes a solid 
database for surveillance, population control and 
conservation of this (invasive) species which has been 
able to colonize a wide range of habitats, sometimes 


to the detriment of local species. 


Recommendation(s) 

Promote the results of this study initially to the 
competent authorities in terms of _ biodiversity 
management, then provide additional efforts in a 
continuous inventory in order to ensure better control 
of the ring-necked parakeet population, a protected 


species in Cameroon, but also considered a crop pest. 
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